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2. Capillary tubes 

 The capillary tube serves almost all small refrigeration systems, and its application extends 

up to refrigerating capacities of the order of 10 kW. A capillary tube is 1 to 6 m long with 

an inside diameter generally from 0.5 to 2 mm.  

 The name is a misnomer, since the bore is too large to permit capillary action. 

 Liquid refrigerant enters the capillary tube, and as it flows through the tube, the pressure 

drops because of friction and acceleration of the refrigerant. Some of the liquid flashes into 

vapor as the refrigerant flows through the tube.  

 Numerous combinations of bore and length are available to obtain the desired restriction. 

Once the capillary tube has been selected and installed, however, the tube cannot adjust to 

variations in discharge pressure, suction pressure, or load.  

 The compressor and expansion device must arrive at suction and discharge conditions which 

allow the compressor to pump from the evaporator the same flow rate of refrigerant that the 

expansion device feeds to the evaporator. A condition of unbalanced flow between these two 

components must necessarily be temporary.  

 

 

 For a closer look at balance points the mass rate of flow fed by the capillary tube can 

be plotted on the same graph as the mass rate of flow pumped by the compressor. 

Figure 13-1 is such a plot with the flow through the capillary tube shown in dashed 

lines and the pumping capacity of a reciprocating compressor shown in solid lines. 

At high condensing pressures the capillary tube feeds more refrigerant to the 

evaporator than it does at low condensing pressures because of the increase in 

pressure difference across the tube. 

 At high condensing pressures the capillary tube feeds more refrigerant to the evaporator than it 

does at low condensing pressures because of the increase in pressure difference across the tube. 

 At a 30°C condensing temperature, for example, the compressor and capillary tube 

must search for a suction pressure which allows them both to pass equal mass rates 

of flow. This suction pressure is found at point 1, which is the balance point at a 30°C 

condensing temperature. Points 2 and 3 are the balance points at 40°C and 50°C 

condensing temperatures, respectively. 
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At suction pressure B the compressor can draw more refrigerant out of the evaporator than 

the capillary tube can supply, so the evaporator soon becomes short of refrigerant. Since the 

evaporator cannot be emptied indefinitely, something must happen to restore the balance. 

The corrective condition on most units without a receiver (vessel that stores liquid between 

the condenser and expansion device) is that liquid backs up into the condenser. The 

condensing area is thereby reduced and the condenser pressure raised. With the elevated 

condenser pressure, the compressor capacity is reduced and the capillary-tube rate of feed 

is increased until balance is restored. Another possibility for regaining a balanced flow rate 

is that the heat-transfer coefficient in the starved evaporator decreases. A greater 

temperature difference must develop between the fluid being chilled and the refrigerant in 

the evaporator, which occurs by means of the suction pressure dropping back to pressure A 

and restoring balanced flow. 
 

An opposite unbalanced condition results if the refrigeration load falls off to less than the 

refrigeration capacity at the balance point. If the refrigeration load drops off, the suction 

temperature and pressure drop to some point C At suction pressure C the capillary tube can 

feed more refrigerant to the evaporator than the compressor can draw out. The evaporator 

fills with liquid and would spill over into the compressor with disastrous results were it not 

prevented. Slugging the compressor with liquid can be prevented by limiting the charge of 

refrigerant in the system. The charge is carefully measured so that there is enough refrigerant 

to fill the evaporator but no more. Balance of flow is restored when some gas enters the 
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capillary tube, reducing the feed rate of the capillary tube 1 because of the high specific 

volume of the vapor. A new balance point is at point D in Fig. 13.2. 
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3. Advantages and disadvantages of capillary tube 

 

Capillary tubes have certain advantages and disadvantages.  

Their advantages are summarized below; 

1. Predominant enough to give them universal acceptance in factory-sealed systems.  

2. They are simple, have no moving parts, and are inexpensive.  

3. They also allow the pressures in the system to equalize during the off cycle.  

4. The motor driving the compressor can then be one of low starting torque. 

 

 

The disadvantages of capillary tubes are summarized below; 

 

1. They are not adjustable to changing 

2. Load conditions, are susceptible to clogging by foreign matter, and require the mass of 

3. Refrigerant charge to be held within close limits 

 

 

This last feature has dictated that the capillary tube be used only on hermetically sealed systems, 

where there is less likelihood of the refrigerant leaking out. The capillary tube is designed for one set 

of operating conditions, and any change in the applied heat load or condensing temperature from 

design conditions represents a decrease in operating efficiency. 
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Analytical computation of pressure drop in a capillary tube 

 
 

The equations relating states and conditions at points I and 2 in a very short length of 

capillary tube in Fig. 13-4 will be written using the following notation: 
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Problem. 1: What length of capillary tube (ID = 1.63 mm) will drop the pressure of 

saturated liquid refrigerant 22 at 40°C to the saturation temperature of the evaporator of 

5°C? The flow rate is 0.010 kg/s. 
 

Use the following formula; 
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Details solution for the first two points had been inserted below; 
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